ABSTRACT: Crossbred ewes (¹⁄₂ Dorset, ¹⁄₄ Rambouillet, and ¹⁄₄ Finnsheep) from a flock being selected for spring fertility, defined as ability to lamb following ram exposure in May and June in Virginia (37°N latitude), were used to study the duration of the seasonal anestrus. In the first 3 yr of the study (1992, 1993, and 1995), mature ewes were divergently selected based on EBV for fertility, and the duration of anestrus was measured by continuously exposing the ewes to vasectomized rams equipped with marking harnesses from mid-January until approximately August 1. Only ewes that had lambed in the previous fall were used to ensure that ewes were in a comparable physiological state, and the same rams remained with the ewes in each year to avoid induction of estrus by introduction of novel rams.
Introduction
The seasonal breeding pattern commonly observed in temperate sheep breeds is a major obstacle to increasing the intensity of sheep production. It likewise limits flexibility to integrate sheep production into other agricultural enterprises. Although variation among and within breeds and management systems is substantial, ewes exposed to rams in spring and summer almost always exhibit reduced pregnancy rates relative to ewes exposed in fall and winter (Notter, 1992; Lewis et al., 1996) .
A few experiments have attempted to reduce seasonality of breeding through selection (Thrift et al., 1971; Smith et al., 1992; Fahmy, 1990) . However, most of these experiments were either inadequately controlled 1
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The duration of anestrus in high-fertility ewes (n = 26; mean fertility EBV of 12.6%) was 28.4 d, which was significantly less than the 70.2 d of anestrus observed for low-fertility ewes (n = 15; mean fertility EBV of .3%). Five high-fertility ewes did not exhibit a period of anestrus. The regression of number of days of anestrus on fertility EBV was −2.15 ± .72 d/%. In yr 4 (1997), 11 high-fertility and two low-fertility ewes were evaluated. None of these ewes exhibited a clear seasonal anestrus; six unequivocally cycled continuously. Between January 23 and July 31, the mean duration of anestrus for these ewes was only approximately 11 d. The duration of anestrus for high-fertility ewes seems to be the shortest reported for temperate sheep breeds.
or were terminated before definitive results were obtained. Also, Jenkins and Ford (1982) reported that apparent responses to selection to reduce seasonality in one environment were not realized in a second environment.
More recently, Al-Shorepy and Notter (1997) reported apparent genetic responses to selection for spring fertility, defined as ability to lamb following exposure to rams in May and June, in a flock of ¹⁄₂ Dorset, ¹⁄₄ Rambouillet, ¹⁄₄ Finnsheep ewes in Virginia (37°N latitude). Fertility improved, but the mechanisms underlying that improvement have not been determined. Possible mechanisms include reduction in duration of the seasonal anestrus, shifting of the breeding season to encompass the spring mating period, or increased sensitivity to ram pheromones (Pearce and Oldham, 1984) . The objective of this research was to compare mating behavior of ewes with high and low estimated genetic merit for spring fertility during spring and summer in order to evaluate correlated selection responses in timing and duration of the seasonal anestrus.
Materials and Methods
Animals for this study were drawn from a flock of ¹⁄₂ Dorset, ¹⁄₄ Rambouillet, ¹⁄₄ Finnsheep ewes (n = 125) being selected for fertility in spring (May and June) matings and from a contemporary control flock of 55 ewes (Al-Shorepy and Notter, 1997) . In each of 4 yr, ewes were identified for inclusion in the study following weaning of fall-born lambs in mid-December. Only mature ewes that had produced fall lambs were used. Ewes were placed with three or four vasectomized rams in mid-January and remained with these same rams until approximately August 1. Rams were fitted with marking harnesses, and ewes were checked twice weekly for evidence of mating. The color of the marking crayon was changed at 2-wk intervals (red-blue-orange-greenblack). The ewes' rumps were shorn after removal of the black crayon, and the sequence of colors was repeated.
The vasectomized rams were adult crossbred males possessing varying proportions of Dorset, Rambouillet, Finnsheep, Coopworth, and Blackbelly breeding. The same rams were used within each year for the entire study period to avoid possible induction of estrus through introduction of novel males. Sustained fenceline contact with other males was avoided, but incidental contact with other males during movement of animals may have occurred.
When a new mating mark was observed, the intensity of the mark was recorded as a 1 for a strong mark and as a 2 for a less-intense mark that was not clearly indicative of standing estrus. Jugular blood samples were taken from marked ewes on the day the mark was first observed and at the next two observation times. Because ewes were checked for estrus only twice weekly, these sampling times would correspond to d 0 to 4, 3 to 7, and 7 to 11 after mating, respectively. Also, because ewes were not observed daily, marks separated by 14 to 21 d were considered to represent normal, regular estrous cycles. Blood samples were taken only from marked ewes to confirm that mounting was accompanied by ovulation. Silent ovulations, although they were expected to occur (Fahmy and Dufour, 1986) , were not monitored.
Blood samples were maintained at room temperature for 2 to 3 h to allow them to clot. The samples were then centrifuged at 4°C and 1,657 × g for 20 min. Serum was then collected and frozen at −20°C pending determination of circulating progesterone by radioimmunoassay. These blood samples were used to confirm that mating marks were accompanied by elevated progesterone levels indicative of ovulation. If elevated progesterone levels were not observed, the ewe was assumed not to have been in estrus. All samples were assayed in the first 2 yr of the study, but in the last 2 yr only samples associated with marks that were not consistent with the occurrence of regular 14-to 21-d estrous cycles were assayed.
Numbers of ewes evaluated in the 4 yr of the study (1992, 1993, 1995, and 1997) were 14, 14, 13, and 13, respectively. In the first 3 yr, ewes were divergently selected from the selection and contemporary fall-lambing control flocks based on EBV for fall fertility, and both high and low EBV ewes were represented (Table   1 ). In yr 4, the main experimental objective was to identify potential dams of stud rams from among high EBV ewes, and only two low EBV ewes were evaluated. In all years, only ewes that had lambed in the previous fall were used in order to ensure that high and low EBV ewes were in comparable physiological states. Fertility of adult ewes in the combined flock of select and control ewes was 46% in 1992 46% in , 76% in 1993 46% in , and 78% in 1995 46% in (Notter et al., 1998 . Thus, this restriction precluded use of ewes with the lowest EBV (because they were less likely to have lambed), and the final contrast in yr 1 through 3 was effectively between ewes with high vs near-average EBV (Table 1) . Mean EBV for ewes in the control flock in these years was approximately 3.5% and mean EBV of ewes in the selected flock increased from 8% in 1992 to 13% in 1995.
To evaluate experimental results, the average duration of a normal estrous cycle was assumed to be 17 d and marks separated by more than 21 d were assumed to indicate a period of anestrus ( Figures 1 through 4 ). For ewes with more than 21 d between marks, the duration of the seasonal anestrus was calculated as the time between marks, or the time between the last mark and the end of the study, minus 17 d, where the 17-d adjustment corrects for the anticipated luteal phase associated with the last observed mark. Several ewes had more than one observed period of anestrus (Figures 1 through 4). In these cases, the individual anestrous periods were summed to derive the total number of days that the ewe was anestrous. A few ewes did not exhibit estrus within the first 21 d of observation, but all had cycled within the first 30 d. These initial periods of sexual inactivity were assumed to represent extensions of the postpartum and(or) lactational anestrus or failure to observe mating marks due to the cold conditions sometimes observed in January and early February, and they were not included in the calculation of the total number of days of anestrus. Although crayons with different levels of hardness were used to attempt to accommodate different temperatures, very cold or wet, icy conditions still influenced the clarity of the marks.
Number of days of anestrus was analyzed by analysis of variance using the General Linear Models procedure of SAS (1990) . The initial statistical model included effects of year, genetic group (high vs low EBV), and their interaction. Data were also analyzed with a model that included effects of year and the regression of days of anestrus on fertility EBV. Results in yr 4 were substantially different from those in yr 1, 2, and 3 ( Figure  4) , and very few low EBV ewes were present in yr 4, so statistical analyses were applied only to data from yr 1, 2, and 3.
Results

Years 1 Through 3
The number of days of anestrus in the first 3 yr of the study was significantly affected by year and genetic group but not by their interaction (Table 1 ). The average number of days of anestrus was 49.8 in 1992, 63.7 in 1993, and 34.4 in 1994 . High EBV ewes had a mean EBV for fall fertility of 12.6%, whereas low EBV ewes had a mean EBV for fall fertility of .3%. The corresponding mean numbers of days of anestrus were 28.4 d for the high EBV group and 70.1 d for the low EBV group (P < .001). When effects of genetic group were replaced in the model by the regression effect of fertility EBV, a highly significant regression effect was observed (−2.15 ± .72 d anestrus/% fertility EBV).
Patterns of estrous activity in the first 3 yr of the study (Figures 1, 2 , and 3) confirm that low EBV ewes were more likely to become anestrous during spring and early summer and to be anestrous at the end of the study. Five high EBV ewes (two in 1992 and three in 1995) did not experience a period of seasonal anestrus during spring and summer. One low EBV ewe in 1992 did not exhibit a seasonal anestrus but also exhibited prolonged periods of estrus, suggesting the presence of cystic follicles on the ovaries. The implications of the performance of this low EBV ewe must therefore be questioned. A number of ewes exhibited more than one period of anestrus. Only 24 of 41 ewes had either no anestrus or a single anestrous period. Of the 17 ewes with two or more periods of anestrus, nine had at least one of the periods that was at most 14 d in length, suggesting either a single missed cycle or a delayed cycle. A number of ewes also failed to mark in late March 1993. This period was associated with a snowfall of approximately 750 mm on March 13 and 14 that both limited the mobility of the rams and made detection of mating marks nearly impossible.
Year 4
Estrous behavior for the 11 high EBV ewes (mean EBV of 16.2%) and 2 low EBV ewes (fertility EBV of 8 and −10%) evaluated in 1997 is shown in Figure 4 . Interpretation of results is complicated somewhat because of the effects of an intact ram lamb that broke into the experimental pasture on the weekend of May 30 through June 1. Four ewes were expected to cycle during this period; all subsequently terminated estrous behavior and two eventually lambed. The other two ewes did not lamb and returned to estrus on July 24 and July 31. We believe it is likely that these ewes became pregnant but were unable to maintain their pregnancies. Al-Shorepy and reported that birth weights of fall-born lambs in this flock were nearly .8 kg less than those of spring-born lambs, presumably because of heat stress during gestation. Failure to maintain pregnancy would thus not be surprising in a proportion of these ewes. However, it is also possible that these ewes became anestrous coincidentally with exposure to the intact ram. In addition, exposure to a novel ram may also have had a stimulatory effect on estrous behavior in remaining nonpregnant ewes in June and July.
Even if performance is restricted to the period January 23 through May 31, the frequency of estrous behavior in 1997 was exceptionally high. Of the 13 ewes evaluated, only 3 experienced an interruption in their estrous cycles, and the duration of these interruptions was in all cases less than a full cycle. In June and July, if we exclude all four ewes that we believe became pregnant, one of the nine remaining ewes exhibited a single delayed cycle, and all were cycling on July 31.
For these 13 ewes, the mean duration of anestrus between January 23 and May 31 was only 11.3 d. For the nine ewes that clearly did not become pregnant, the mean duration of anestrus between January 23 and July 31 was likewise only 10.7 d. No effect of genetic group was observed in 1997; both low EBV ewes also cycled continuously.
Discussion
Results from the first 3 yr of this study indicate that selection for fertility in May and June matings, as described by Al-Shorepy and Notter (1997) , has reduced the duration of the seasonal anestrus. Each 1% increase in EBV for fertility resulted in a decrease of 2.15 d in the seasonal anestrus in this flock. Notter et al. (1998) reported that the estimated range in fertility EBV for adult ewes in the base population for this flock was approximately 30%, which would correspond to an underlying predicted range in duration of the seasonal anestrus of approximately 65 d.
The duration of the seasonal anestrus observed in high EPD ewes is one of the shortest reported for temperate sheep breeds. Notter (1992) reviewed studies in which ewes of various genetic types were compared for frequency of estrus when continuously exposed to vasectomized rams for periods of 12 mo or more. In that review, ewes of a given type were assumed to be in the anestrous period if fewer than 50% of the animals exhibited estrus in a given month. For the 24 high EBV ewes evaluated in the first 3 yr of the current study, the proportions exhibiting estrus in each month were 96% in February, 92% in March and April, and 83% in May, June, and July. Comparable percentages for the 17 low EBV ewes were 94% in February and March, 71% in April, 59% in May, 29 % in June, and 41% in July.
Among the 37 breed groups in 11 studies reviewed by Notter (1992) , only three groups had more than 50% of the ewes cycling in May: Finnsheep ewes in Scotland (Wheeler and Land, 1977) , Finnsheep × Suffolk ewes in Oregon (Lamberson and Thomas, 1982) , and Rambouillet ewes of Texas origin in Wisconsin (Lax et al., 1979) . No breed groups had more than 50% of ewes cycling in June or July. Dufour et al. (1982) reported that a composite breed (DLS: ¹⁄₂ Dorset, ¹⁄₄ Leicester, ¹⁄₄ Suffolk) had a longer breeding season than any of the component purebreds. The DLS ewes began cycling Figure 4 . Duration of the seasonal anestrus for high (H) and low (L) EBV ewes evaluated in 1997. HP ewes are high EBV ewes that terminated cycles and we believe became pregnant after accidental exposure to an intact ram lamb. Open areas indicate periods of anestrus.
in early August and continued cycling until mid-March. Contemporary Dorset ewes began cycling in mid-August and continued until early March.
In a similar study, Wiggans et al. (1970) monitored estrous behavior of 23 Rambouillet ewes in Alabama for 4 yr. Ewes were checked twice daily for estrus with vasectomized rams and, in contrast to the present study, rams were changed frequently. Frequencies of estrus for these Rambouillet ewes were among the highest previously reported, averaging (across the 4 yr) 78% in February, 60% in March, 44% in April and May, 77% in June, and 62% in July. Performance of low EBV ewes in the current study was thus similar to that observed in other studies for ewes of similar breeding, whereas high EBV ewes had considerably shorter periods of anestrus.
Patterns of estrous behavior in yr 4 were distinct from those of earlier years and, to our knowledge, are unique for temperate sheep breeds. If one accepts that the two ewes that were in estrus in the presence of the ram lamb but that did not lamb were indeed pregnant, then none of the animals in yr 4 exhibited a significant period of anestrus. Even if these two ewes did become anestrous in June and early July, the percentage of available ewes that were cycling remained above 80% throughout the summer.
The continuous cyclicity of the two low EBV ewes in 1997 indicates that the high performance levels observed in that year were not exclusively of genetic origin. Both Al-Shorepy and Notter (1997) and have pointed out that the phenotypic response to selection for spring fertility in this flock seems to have both genetic and environmental components. Fertility has improved in both selected and control flocks, but the extent of the improvement is greater in the selected line. The presence of rams is known to stimulate a proportion of anestrous ewes to cycle (Pearce and Oldham, 1984) , which is the reason why the same rams were kept with the ewes throughout the year. Introduction of a novel male for 3 d at the end of May in yr 4 may have influenced cycling behavior in June and July, although we doubt that the impact was large because all ewes seemed to be cycling at the time the novel ram was introduced and the ram was removed after at most 3 d. This novel ram introduction could likewise not explain the performance of the low EBV ewes before June 1. Nugent and Notter (1990) have demonstrated that Suffolk and Hampshire ewes penned with cycling whitefaced ewes and vasectomized rams were more likely to ovulate and mate than ewes penned with only vasectomized rams. A similar phenomenon may be involved in both the improved fertility of control ewes in the selection project and in the extended breeding season of low-EBV ewes in 1997. Differences among ram breeds in ability to induce cyclicity have also been reported (Tervit and Peterson, 1978; Nugent et al., 1988) , and by yr 4, more of the vasectomized rams used in this study would have come from advanced generations of the selection line.
Few studies have identified individual ewes that did not exhibit a seasonal anestrus. In the current study, five high EBV ewes (12.5% of all ewes, or 20.8% of high EBV ewes) in yr 1 through 3 cycled continuously. In yr 4, none of the ewes exhibited a clear period of anestrus, and six (46%) unequivocally cycled continuously. In comparison, Hall et al. (1986) reported that 5 of 73 Australian Dorset ewes ovulated continuously, as diagnosed by repeated laparoscopy, for 15 mo (April through the following June); frequencies of estrous behavior by these ewes was not reported. For the 23 Rambouillet ewes studied by Wiggens et al. (1970) over 4 yr, 12 to 20% of the ewes exhibited continuous estrous cycles within one or more of the 4 yr. Patterns of estrous behavior were reported to be highly repeatable across years, and two ewes cycled continuously for the entire 4-yr period. Dufour et al. (1982) reported that two of 29 DLS ewes cycled continuously from May 1 through the summer, but both had stopped cycling by April of the next year.
Observation of more than one period of apparent anestrus in some ewes was inconsistent with the anticipated annual occurrence of distinct estrous and anestrous periods. Forty-one percent of ewes exhibited more than one period of anestrus, and the frequency of multiple anestrous periods was higher in 1993 and 1995. These events may, in some cases, simply reflect missed mating marks, especially in association with the heavy snowfall experienced in late March of 1993. However, several of these apparent anestrous periods were shorter than a normal cycle (i.e., substantially less than 14 d), suggesting that they more likely represent reduced regularity of cycles in these ewes during the usual anestrous season. Unfortunately, because circulating progesterone was measured only for marked ewes, this issue cannot be addressed directly.
Ovulation without accompanying behavioral estrus is known to be relatively common in anestrous ewes (Fahmy and Dufour, 1986) , and Wiggans et al. (1970) reported two or more annual periods of estrous behavior in 35% of Rambouillet ewes that were observed daily for estrus for 4 yr. A reduction in "depth" of anestrus in less-seasonal breeds thus seems to be another explanation for the inconsistent cycles observed in our ewes. As ewes become less sensitive to inhibitory effects of long photoperiods, the anticipated distinct period of anestrus may be replaced with a less-distinct period of irregular cycles. Indeed, it would be surprising if the transition from seasonal reproduction to the near-continuous estrous cycles observed in 1997 did not involve some sort of transitional irregularity in estrous behavior.
One way to increase the number of lambs born in a flock is to increase the frequency of lambing by use of various accelerated lambing systems. Ewes for use in such systems need to have an extended breeding season because mating does not always occur within the typical breeding season of the sheep. Lewis et al. (1996) examined the performance of Dorset ewes in the STAR accelerated lambing system at Cornell University. In this system, matings occurred at both favorable times (January, August, and October) and unfavorable times (March and June). Only 4% of the ewes lambed at five or more consecutive 7.2-mo intervals, and only 1% lambed at seven consecutive opportunities. Selection for fertility in fall lambing, with associated reductions in duration of the seasonal anestrus, would increase the efficiency of accelerated lambing systems.
Implications
These results show that the breeding season of the sheep can be lengthened by selection for fertility in spring. The high frequency in yr 4 of ewes that did not exhibit a meaningful seasonal anestrus, in particular, suggests that development of nonseasonal sheep breeds may be possible. Use of selected animals in accelerated lambing systems could aid in increasing the reproductive efficiency of the ewe.
